Seedlings of about 3500 species of dicotyledons were classified as exhibiting either phanerocotylar or cryptocotylar germination. The percentages of cryptocotylar species in the orders as circumscribed by Dahlgren (J. Linn. Soc., Bot. 80:91-124, 1980) were calculated and grouped into five classes whose distributions were plotted onto a bubble-diagram. The resulting pattern revealed a concentration of cryptocotyly in primitive families thereby supporting the view that within the dicotyledons, cryptocotyly is the primitive germination pattern.
INTRODUCTION
Although dycotyledon seedlings may be classified into several groups on the basis ofthe relationships between the cotyledons and testa (de Vogel1980), most species have seedlings that may be described as phanerocotylar or cryptocotylar (Duke 1965) . In the former, the cotyledons ultimately escape from the testa whereas in the latter they remain enclosed indefinitely.
Whereas phanerocotylar species generally exhibit epigeal germination and cryptocotylar species hypogeal germination, there are exceptions. For example, the seedlings of Lobelia are phanerocotylar with cotyledons which expand under the soil (Fraser 1931 ) and the seedlings of Myristica have cotyledons that are included permanently within the testa, which is carried up above the soil (Miiller 1887).
The phylogenetic significance of germination patterns is uncertain and both phanerocotyly and cryptocotyly have been proposed as primitive (Clifford 1984) . In an attempt to resolve between these two viewpoints the taxonomic distribution of germination pattern throughout the dicotyledons was investigated using the classification system of Dahlgren (1980) . That scheme is avowedly phylogenetic, and recognizes a large number of orders and superorders whose relationships are expressed in a figure that lends itself readily to displaying the distributions of characters. Only in a few respects does the scheme differ from that subsequently published but without a diagram (Dahlgren 1983).
DATA
From personal observation and reference to the literature, seedlings of about 3500 species were classified as to being either phanerocotylar or cryptocotylar. Where the record was unillustrated, epigeal germination was taken to mean phanerocotylar and hypogeal to mean cryptocotylar. Whilst this procedure will have introduced some error into the results, it is regarded as minor and as not influencing the overall pattern.
The numbers of species with phanerocotylar and cryptocotylar germination at order level are given in Table 1 . On the basis of these results the orders were Figure I . Of the seven small orders for which no frequencies are given, the Balanophorales have no cotyledons (Cronquist 1981 ).
DISCUSSION
From both Table 1 and Figure 1 it is evident that cryptocotylar species are not randomly distributed throughout the taxonomic system. Whereas cryptocotylar species do not occur amongst the Asterfiorae or Caryophyllifiorae they are abundant throughout the Theifiorae, most orders of the Rutifiorae, and the two large orders of Magnoliifiorae. The general pattern is one of increasing frequency of cryptocotyly towards the center of the bubble diagram with only small specialized orders showing high frequencies elsewhere in the system.
The reasons for this are not clear, for although most orders exhibiting cryptocotyly are rich in woody species with large seeds there are notable exceptions. In particular the Paeoniales and Droserales are both largely herbaceous, and the latter have minute seeds. In Figure 1 the Paeoniales are placed in the Malvifiorae, but in his later classification Dahlgren (1983) transferred them to an emended Theifiorae from which the Droserales had been removed to Rosifiorae. Two orders of the Rosifiorae, the Fagales and Juglandales, are rich in cryptocotylar species. Knowledge of the germination patterns did not promote these transfers, which none-the-less do not alter the general pattern of cryptocotyly within the dicotyledons.
Given there are two basic germination patterns in the dicotyledons it is of interest to speculate on which is the more primitive. Unfortunately, the fossil record is inadequate and so evidence must be sought elsewhere.
One approach is to consider the behavior of seedlings in presumed primitive angiosperm groups such as the Magnoliifiorae, but this is of little help for both phanerocotylar and cryptocotylar species occur in the superorder. Alternatively, the seedling type in the sister-group to the Magnoliophyta could be taken as the primitive condition if the group could be identified.
Whilst there is no unanimity as to the sister-group of the angiosperms, the cycads are strongly implicated in three recent cladistic analyses of the relationships of the major groups of seed plants by Bremer (1985) and Doyle and Donoghue (1986a, b) . In the most recent of these analyses (Doyle and Donoghue 1986b ) the cycads plus Peltaspermum form a sister-group to a clade comprising Glossopteridales, Caytonia, angiosperms, Bennetitales, Pentoxylales, Ephedra, Gnetum, and Welwitschia. Of those taxa in the later clade whose seedlings are known, all except the angiosperms are exclusively phanerocotylar. Inasmuch as the angiosperms in this analysis are the sister-group to a subclade containing Ephedra, Gentum, and Welwitschia phanerocotyly may be regarded as derived in the angiosperms. Further support for this view is afforded by the universal occurrence of cryptocotyly amongst the cycads and the sister-group to the major clade that includes the angiosperms. That phanerocotyly is derived in the angiosperms has also been proposed by Grushvitskyi (1963 ), de Vogel (1980 ), and Clifford (1984 . On the basis of comparative morphology, Grushvitskyi (1963) proposed that seedlings with fleshy enclosed cotyledons be regarded as primitive. Amongst the examples he cited were seedlings that resembled those of Horsfieldia from which de Vogel (1980) was able to derive all others within the dicotyledons, thereby making the cryptocotylar condition primitive. In addition, he noted that seedlings of Horsfie/dia resembled those of cycads. Furthermore, Horsfie/dia belongs to the Magnoliiflorae, which is rich in primitive species and which Clifford (1984) showed to be rich in cryptocotyly. Accordingly, the widely held opinion that cryptocotyly is advanced in the dicotyledons (Eames 1961) should be treated with caution.
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